Resistant starch was determined in 70 grain-based foods by modification of the method commonly used to measure total dietary fiber in North America. The modification involved solubilizing resistant starch in dimethyl sulfoxide. Total dietary fiber in these products ranged from 0.9 to 18.6%, with resistant starch representing 0 to 88% of the total fiber values. Many bread products and breakfast cereals contained over one-third of the total fiber as resistant starch. S tudies reported in the early 1980s indicated that a fraction of dietary starch escapes digestion in the human small intestine (1, 2). This starch, now commonly referred to as enzyme-resistant starch (RS), is not a homogeneous entity; depending on the nature of enzyme resistance, RS is classified into different types (3, 4). Studies using concentrated preparations of RS have shown that it lowers blood cholesterol, moderates post-prandial glycemia, and improves colonic health. Because RS is a noncaloric ingredient (5), it is also used in reduced-calorie foods.
S
tudies reported in the early 1980s indicated that a fraction of dietary starch escapes digestion in the human small intestine (1, 2) . This starch, now commonly referred to as enzyme-resistant starch (RS), is not a homogeneous entity; depending on the nature of enzyme resistance, RS is classified into different types (3, 4) . Studies using concentrated preparations of RS have shown that it lowers blood cholesterol, moderates post-prandial glycemia, and improves colonic health. Because RS is a noncaloric ingredient (5) , it is also used in reduced-calorie foods.
In spite of health benefits associated with RS, research and product formulation activities have been limited because RS is difficult to measure. Methods tend to be complicated, time-consuming, often show poor reproducibility, and are not well suited for developing useful information on the RS content of foods. For example, an in vivo method determines RS based on analysis of ileal effluents from ileostomy patients (6, 7) . Others determine RS based on colonic fermentation activity markers such as breath hydrogen or blood acetate levels (8, 9) . In vitro methods used to determine RS are based on solubilizing isolated RS and analyzing the resultant glucose by gas chromatography or colorimetry (10, 11) ; solublilization is performed with dimethyl sulfoxide (DMSO) or potassium hydroxide (12) (13) (14) (15) . These in vitro methods may quantify RS as the difference between total starch and digestible starch (3) or as part of the fiber residue remaining after enzymatic treatment (14) . Some RS methods combine in vivo and in vitro methodologies to closely simulate physiological conditions; modifications may include mincing or chewing samples prior to analysis, and the use of enzymes that simulate stomach and intestinal conditions (3, 16, 17) . These methods are too expensive and complex to allow development of a meaningful database of RS content in foods or to stimulate research and product development activities with RS.
A modified method for fiber determination is needed to circumvent these difficulties and provide quantitative and rapid measurement of RS. In North America, a reasonably accurate method is now available to determine total dietary fiber (TDF) in foods (18, 19) . Because many laboratories have the necessary equipment and expertise for this technique, a simple modification of this method to determine RS as a separate component could be introduced conveniently. This study was undertaken toward this objective and to generate baseline information on the RS content of grain-based foods commonly consumed in North America. As in other methods (12, 13, 16) , DMSO was used to solubilize the RS in the modification of the TDF determination (K.D. Hodel, Ralston Analytical Laboratories, St. Louis, MO, personal communication).
Experimental

Resistant Starch Preparations
For assessing accuracy of the modification introduced in the fiber method, 2 commercial RS preparations were obtained (National Starch and Chemical Co., Bridgewater, NJ, and Opta Food Ingredients, Inc., Bedford, MA) and analyzed for TDF and RS.
Grain-Based Foods
The 70 grain-based foods analyzed for TDF and RS were all commercial products and represented 4 major categories: 37 bakery items, 15 breakfast cereals, 6 noodle products, and 12 snack foods. These products were air-dried overnight (a few frozen items were first baked or toasted), ground in a Waring Blender, and stored frozen until analyzed for TDF and RS. At least duplicate values of both TDF and RS contents were determined for all samples.
Modification of Fiber Method
Resistant starch was determined by a modification of the enzymatic-gravimetric method for determining TDF (19) . Samples containing >5% fat were defatted with petroleum ether prior to analysis. Duplicate 1 g portions of the finely ground samples were weighed into 400 mL tall beakers. DMSO (7 mL, minimum 99.5%) and a magnetic stirring bar were added to each beaker, and the solutions were stirred for ca 5 min to ensure complete wetting of the sample with DMSO. Beakers were then covered with aluminum foil and Graham crackers 3.8 ± 0. placed in a boiling water bath for 30 min with continuous agitation. Following this heat treatment, the beakers were removed from the water bath, 40 mL MES-TRIS buffer was added to each, and the solutions were stirred. Particular care was taken to ensure complete dispersion of the viscous DMSO/sample mixture into the buffer. Inattention to this step results in inaccessibility of portions of the sample to enzymes in subsequent treatments. DMSO-treated samples were further processed by the enzymatic-gravimetric method of TDF determination (19) . These steps involved treatments with α-amylase, protease, and amyloglucosidase (Megazyme International Ireland Ltd., Bray, Ireland), precipitation of soluble fiber with ethanol, filtration, and correction for residual amounts of protein and ash. Concomitant with analysis of the DMSO-treated samples, test portions that had not been treated with DMSO were also analyzed for TDF content. RS was calculated as the difference between the DMSO and non-DMSO-treated sample values. Results are expressed on a product as-purchased or, in a few cases, as consumed (baked/toasted)-basis.
Results and Discussion
The 2 concentrated RS preparations tested were prepared from high amylose corn starch and, thus, would not contain fiber components other than RS. Based on product specifications, these 2 sources contained about 30% RS. As shown in Table 1 , both preparations measured >27% TDF by the AOAC method without DMSO treatment; with the DMSO treatment step included (RS-solubilized), TDF values were ≤0.3%. Thus, 99% of the TDF of both RS preparations was determined by this method to be RS. This amount would be expected for the RS content in these 2 concentrated preparations. The result suggests that the DMSO modification of the fiber determination method gives a reasonably accurate estimation of RS content in the 70 grain-based foods analyzed.
A number of factors influence the RS content of raw ingredients and the resultant processed foods (20, 21) . In general, heat processing followed by cooling and storage of starch-containing foods increases the RS content of food (14) . All of the products analyzed in this study involved some form of heat processing and, thus, probably contained some RS. However, the products were commercially produced and no details were available regarding ingredient sources, formulations, or production processes.
Of the 37 bakery products analyzed, the RS contents ranged from 0 to 1.8%, representing 0 to 45% of the TDF in these products (Table 1 ). The numerous types of items in this category represent various ingredients and processing techniques. The RS content of the 15 breakfast cereals analyzed ranged from 0 to 4.2%, representing 0 to 88% of the TDF values. The rice square cereal contained the highest amount of RS (4.2%). Most of the breakfast cereals were either extruded or flaked products. Noodles and snack items contained relatively low amounts of RS; values for these products ranged from 0 to 0.6% (noodles) and 0 to 1.2% (snack items).
Conclusions
Resistant starch has been categorized into 4 different types (3, 4) based on characteristics such as physical inaccessibility (type 1), ungelatinized starch granules (type 2), retrograded starches (type 3), and chemically modified starches (type 4). In the finished products analyzed for this study, type 3 RS was the predominant form.
Resistant starch, an ingredient of increasing health importance, is difficult to analyze in foods. Incorporation of an RS-solubilizing step in the enzymatic-gravimetric fiber method seems to allow a rapid and reasonably accurate determination of RS. Seventy grain-based foods were analyzed for RS using this modification of the fiber method. Values measured in these products ranged between 0 and 4.2%, representing 0 to 88% of the total dietary fiber values.
